A large number of parts have deep holes, therefore, rotary cutting tools, which represent relatively long and thin columns are used for holemaking. In this article we analyze the behavior of such tools under the influence of an axial compression load, in our case, the axial cutting force F р , which differs fundamentally from the compression of short tools. Moreover, experience shows that when the cutting force F Р reaches a certain critical value equal to F кр , a long straight column becomes unstable.
Fig. 1. Structural design for conventional deep hole drilling technology
Let us calculate the cutting force for a deep-hole drilling operation: 
where D -the drill diameter, mm. The values of coefficients, as well as exponent quantities are given in Table 1 [6]. The coefficient k p in this case depends only on the material of the raw part being treated.
Let us express the cutting force (1) through the drill diameter D, [7] :
Calculation of compression stress
Now we determine the compression stress in the drill:
where A is the cross-sectional area of the drill, m 2 . 
where
• 300 • 10 6 = 0,28 • 10
It is obvious that for real drill sizes, when D < 0,3 mm, the compression stresses in the column are less than the allowable ones.
Calculation of stability
Critical force �F кр � is a load, the exceeding of which causes loss of stability of the original shape of the part. Using the Euler formula, we determine the critical force:
where E is the Young's modulus for tool steel, 2 • 10 5 MPa = 2 • 10 11 Н m 2 ; μ -column length reduction coefficient, depending on the fixing condition ( Fig. 1) , let us assume that μ = 1; l -drill length, mm.
-axial moment of inertia of the drill section, m 4 .
Condition of column stability:
We insert the values of the forces according to formulas (4) and (2) into this equation:
from where, after simple transformations, we get:
where с = l D . By setting the value с, it is possible to determine the critical value of the pair of parameters D − l, when the loss of stability occurs.
For example, setting the value с, we get: The diagram of the dependence of critical values D − l is shown in Fig. 2 . The shaded zone represents a combination of parameters D − l, when the drill loses stability.
Fig. 2. Dependence of critical values D − l
If there is a need to use a drill with parameters outside the shaded zone, i.e. in the case when the nominal dimensions of the tool (diameter D н and length l н ) result in instability of drilling process, measures that eliminate the loss of stability should be applied.
Option 1 The drilling is performed in two manufacturing operations.
In the course of the first manufacturing operation the hole treatment is performed with a drill of diameter D 1 < D н to the depth l 1 smaller than l н and ensuring the drill stability (Fig. 3) .
Here:
where δ is allowance, which is left for hole treatment during the second manufacturing operation Fig. 3 . Choice of drill parameters for the first manufacturing operation.
During the second manufacturing operation, the drilling is performed with a drill
in diameter , and the cutting force F Р for channel drilling is less than the value of the critical force F кр , when the shank bit loses stability (Fig. 4) . Later on, when the drill enters the part (Fig. 5, а) , the boundary conditions of the structural design change (Fig. 5, b) as well as the coefficient μ in the Euler formula. At the same time, the critical force value in accordance with the last structural design doubles. Fig. 6) In this case, the structural design for determining the critical force is as shown in Fig. 6 Fig. 6. Structural design for deep-hole drilling technology using a drill steel guide.
If there is a need to use a drill with parameters outside the shaded zone (in deep-hole drilling), a drill steel guide for tools should be installed. A pattern of using the drill steel guide is shown in Fig. 6 . For this pattern, which has an intermediate support, the critical force cannot be calculated by the Euler's formula. Further research is required in this respect.
